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The INTEGRAL Science Data Centre (ISDC) processes, archives and distributes data from 
the INTEGRAL mission. At the ISDC incoming data from the satellite are processed and 
searched for transient sources and Gamma- Ray bursts. The data are archived and distributed 
to the guest observers. As soon as the data are public, any astronomer can access the data via 
the internet. ISDC also provides the tools which are necessary for the data analysis and offers 
user support concerning questions related to the INTEGRAL data. ISDC acts as a contacting 
point between the scientific community and the various instrument teams. In this proceeding 
an example for SPI data processing is shown. 

1 Introduction 

Data from the INTEGRAL mission (see e.g. Winkler & HermsenS), which is going to be 
launched October 2002, will be made available to the scientific community via the INTEGRAL 
Science Data Centre (ISDC; Courvoisier et a/.i). The ISDC is hosted by the Geneva observatory 
and is funded by an international consortium with ESA support. The ISDC is the contact point 
between the community, instrument teams, INTEGRAL Science Operations Centre (ISOC), 
Mission Operations Centre (MOC), the INTEGRAL project and the Russian data center. In 
this contribution we will discuss briefly the services provided by the ISDC, in terms of data and 
software which is made available, and show an example how the user can perform a scientific 
analysis using the INTEGRAL data with ISDC software. 

2 INTEGRAL data flow through the ISDC 

The INTEGRAL data flow through the ISDC is shown in Figure [j]. The telemetry of the satellite 
is sent in a constant data flow of ~ 90 kbit/sec to the MOC. From there the data is then sent 
to the ISDC. At ISDC the data are processed in three ways: 

• The incoming data are searched for transient sources and Gamma-Ray bursts within a 
few seconds after arrival. This is done using the INTEGRAL Burst Alert System (IBAS; 
Mereghetti et al. 0) will detect and localize gamma-ray bursts (GRB). Once a potential 
GRB is found, IBAS generates one or more GRB alerts. This functionality has already 
been successfully tested in a complete test run which involved INTEGRAL spacecraft and 
instruments, MOC, and the ISDC. 

• The telemetry data is then pre-processed, which means that it is decoded and data are 
stored into a fits file data structure. The time information is added to the events. These 
data are used for a quick look analysis. The purpose of this is to detect bright transient 
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Figure 1: Data flow through the ISDC system. Graphic provided by Marc Tiirler (ISDC) 



sources and potential targets of opportunity, and also gives a validation of the success of 
the performed observation. 

• The processed data are also used to do a scientific standard analysis. This provides images 
and spectra in pre-defined energy ranges for the four instruments. 



3 ISDC service for guest observers 



The raw and processed data as well as the standard analysis output are made available to the 
principal investigator of the observation (e.g. the guest observer) as soon as possible. Data are 
distributed via the internet or by DVD/DLT. For the analysis of the data, ISDC also provides 
special software, which has been developed by the INTEGRAL instrument teams in collaboration 
with the ISDC. There are two main reasons for a special INTEGRAL software: 

• The image deconvolution and source reconstruction for coded mask instruments like SPI 
(Jean et aZ.a), IBIS (Poulsen et alM), and JEM-X (Lund et oZ.H) requires specific software 
(see e.g. Skinner, these proceedings). 

• each observation is broken up into a set of single pointings of ~ 1000 sec, the so-called 
dithering pattern. This is done to get a better background estimation and to achieve a 
higher spatial resolution for e.g. SPI. These single pointings then have to be combined 
afterwards, applying the pointing information as contained in the spacecraft housekeeping 
data. 

The different steps of scientific data analysis can be performed using the software provided by 
the ISDC. 



4 Hardware requirements and software installation 

The amount of hard-disk space needed depends on the length of the observation and is around 
6 GByte per 10 5 sec exposure time. Disk space for the data analysis is needed, which are 
additionally ~ 2.5 GByte per 10 5 sec of observation. The requirements on the hardware also 
depend on the type of analysis the user wants to perform. Especially the accessible memory 
(RAM) is important. For Solaris a work-station with ~ 0.5 GByte RAM should be sufficient, 
for Linux ~ 1 GByte RAM is recommended. 

The software can be downloaded via the internet)]. At the ISDC the pre-processing, quick- 
look, and standard analysis are performed under Solaris, but the software is also developed and 
tested as far as possible under Linux. 

The analysis of the data will make use of scripts which combine several steps and which make 
it possible for the user to re-run certain levels, as well as to display the output in a convenient way. 
These scripts are based on ROOT (see bttp: / /root.cern.ch/| ) which is developed at CERN. The 



whole procedure and technical details of the installation is described in a dedicated document, 
available via the internet from the ISDC web-page. 

After installing the software the data have to be copied from tape, DVD, or via the internet. 



5 How to perform an analysis of INTEGRAL data 

In this section I will describe briefly how the analysis of INTEGRAL data will be performed. 
This should not be read as a user manual but rather as giving an idea what the INTEGRAL 
observer will have to face after receiving the data. 

"The ISDC web page is located at jittp: / /isdc.unige.ch/ 



Table 1: Steps of the scientific analysis of INTEGRAL/SPI data 



level 


purpose 


program 


COR 


gain correction of each detected event 


spi_gain_corr 


POIN 


include spacecraft pointing information 


spipoint 


GTI 


good time intervals 


spLgtLcreation 


DEAD 


dead time correction 


spidead 


BINJ 


denning the energy bins 


spibounds 


BINJ 


event binning 


spihist 


BKG_I 


determine the background 


spiback 


IMA 


image deconvolution 


spiskymax 


IMA 


source reconstruction and light-curves 


spiros 



The data provided to the observer can be used to perform a scientific analysis. The analysis 
scripts for the different instruments show the same structure and logic, even though they require 
different sets of parameters to be filled. I will show the scheme of the analysis for the spectrograph 
SPI, but in the main structure this is not different to the other INTEGRAL instruments. 

The single steps of the analysis can be run independently, calling single executable programs, 
or by running the script, which calls the single programs and fills some parameters (e.g. selecting 
the correct instrument calibration files). 

The scheme of the SPI analysis (see also Strong, these proceedings) is shown in Table |]. The 
first column of this table gives the ISDC level of the analysis. These level names are the same 
for all instruments and allow the user to define start and stop levels when using the analysis 
scripts. The first step is to apply the gain correction to the data, i.e. to determine the photon 
energy for each event which was detected by SPI. 

Second step (POIN) is to extract the pointing information as it is stored in the spacecraft 
housekeeping data. This level creates a fits table with an entry for each dithering pointing 
including the spacecraft attitude and the start and stop time. 

The next level (GTI) is the determination of the good time intervals (GTI) of the instrument. 
The GTI is e.g. influenced by telemetry gaps, solar flares, or could also be user-defined (e.g. 
excluding a certain time of the observation from the analysis). The output is stored in a fits 
table which lists the GTI per pointing. 

Level four (DEAD) determines the dead time for the given GTI. The dead time is based 
on the fact that the electronics of the instrument is busy for a fraction of the observation time 
and during this time no events are detected. Furthermore the dead time is depending on the 
rate of false events (e.g. photons which are not coming through the mask but through the side 
shield of the instrument), which are detected by the SPI Anti-Coincidence Shield (ACS). The 
information about the dead time fraction and the total life time for each detector is also stored 
in a fits table. 

In the BINJ step the user defines the energy bins in which the analysis should be performed. 
For imaging this might be a rather wide binning, while for receiving a spectrum this could result 
in several hundreds of energy bins. These energy bins are used in the further analysis. First 
the events are binned according to the user's selection and detector spectra (shadow-grams) are 
produced. 

This is followed by the determination of the background of the instrument during the ob- 
servation (BKG_I). Especially SPI and IBIS are background dominated, which means that the 
correct subtraction of the background is essential for receiving meaningful results. The back- 
ground could either be fed into the analysis process by applying a model, or by making use of 
several measured values, as the count-rate from the ACS or from the detector count-rates itself. 

At this level now all information is available to perform an image deconvolution or source 



reconstruction. One tool to perform the image deconvolution is spiskymax (see Strong, these 
proceedings) which is applying a maximum entropy method to the SPI data. To search for 
sources and to reconstruct source spectra, the user can apply spiros (developed by Connell, 
University of Birmingham) which is using the Iterative Removal of Sources (IROS) method. 
The spectra then can be used with XSPEC for spectral model fitting, spiros also offers the 
possibility to produce light-curves of sources. 

For both programs the user can apply a catalogue with known sources to the analysis, or 
search for new sources using the IROS method. 

6 Status of the analysis software 

The software has been tested on calibration and simulated data. Nevertheless scientific validation 
on in-flight data is necessary in order to provide software which gives the user confidence in the 
analysis outputs. Therefore the first software release to the scientific community will take place 
several months after launch (a working package will be made available to the teams involved in 
the commissioning phase activities and in the verification phase earlier). 

In any case the principal investigator receives the results of the standard analysis shortly 
after the observation has been performed. 
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